Introduction
The small carpal scaphoid presents a challenge both for imaging and for treatment after trauma. Traditionally, the wrist is imaged with posterior-anterior (PA) and lateral radiographic views after trauma such as a fall on an outstretched hand. When a scaphoid fracture is suspected, supplementary scaphoid views are usually performed. Radiography with scaphoid views is not perfect, however, since it fails to detect all fractures, and the sensitivity is low to moderate. In some patients with clinical symptoms of scaphoid fracture and negative radiography, occult fractures may remain. Such patients should be followed up with to avoid complications later.
The purpose of the current paper is to give an overview of imaging modalities used to image the scaphoid bone and to discuss the possible strategies in following up patients suspected of having an occult scaphoid fracture -a fracture not detectable with the imaging modality used, in this instance, radiography.
Trauma mechanisms and treatment
The fracture mechanisms for scaphoid fractures are well known. The fracture usually results from a fall on an outstretched arm with the hand in dorsal flexion, with the dorsal lip of the distal radius acting as a fulcrum. It has been suggested that the mechanism may be a backward fall on a dorsiflexed wrist in ulnar deviation. 8 Other mechanisms have been described, such as a soccer goalkeeper receiving a ball to the hand or after other types of axial trauma to the hand. Scaphoid fractures may be classified on their orientation as horizontal oblique, transverse, and vertical oblique (Russe classification). 9 Another system classifies them as acute stable, acute unstable, delayed union, and non-union (Herbert classification). [10] [11] [12] There are several other fracture classifications of varying complexity. 13 For a full understanding of the multiple fracture types, a three-dimensional (3D) understanding is necessary. 13 To avoid poor outcome after scaphoid fractures, proper and timely imaging is vital, 14 as late fracture detection and failure to recognize displacement are associated with increased non-union. 15, 16 Almost 70% of scaphoid fractures have been reported as unstable. 17 Relatively insignificant in clinical terms, avulsions of the distal tuberosity carry no risk of significant non-union or avascular necrosis, usually heal without complications, and are not the subject of this review. There have been, however, cases reported with poor healing. 18 Most non-displaced scaphoid waist fractures heal without complications after treatment with a cast for about 6 weeks 19, 20 to 12 weeks, 14, 21, 22 and rates of up to 95% healing for cast treated scaphoid waist fractures have been reported. 23 Fractures with a displacement of more than 1-2 mm increasingly receive internal fixation with pins or compression screws 24 to avoid complications such as avascular necrosis or nonunion, 25 as do patients with bilateral fractures. Cases with a displacement of more than 1 mm are associated with complications such as non-union (55%) and avascular necrosis (50%). 25 Proximal pole fractures are prone to complications, where surgical treatment is often advocated. 26 The question of whether patients with high functional demands should have stable and non-displaced fractures fixated is still under debate, as well as whether internal fixation -despite higher direct costs -is beneficial from a societal economic perspective. 14 Internal fixation also leads to more complications, even if they are minor. 27 A meta-analysis suggests that surgical treatment of non-displaced or minimally-displaced fractures improves functional outcome and reduces time off from work, at the expense of increased complications. 27 Fractures with non-union have the potential of progression into a scaphoid non-union advanced collapse (SNAC) wrist, 7, 28 which is a devastating condition. To prevent this, internal fixation with bone graft is performed, with about an 85% success rate if performed in a timely fashion.
Due to the potential for severe complications arising from a missed occult scaphoid fracture, all patients with clinical signs of scaphoid fracture are usually treated with a cast until at least follow-up imaging has been done, even if no fracture is eventually diagnosed with imaging. This means that about 80% of these patients are treated unnecessarily. [29] [30] [31] The ideal role for imaging is to provide a solid basis for treatment decision, with all fractures detected promptly and without over-diagnosis leading to unnecessary treatments.
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Imaging of scaphoid fractures However, even though rare, waist fractures in children may also result in non-union. 32 The scaphoid is the most frequently injured carpal bone. [33] [34] [35] [36] [37] In a study from Bergen in Norway, scaphoid fractures accounted for between 2% and 3% of all fractures, about 11% of wrist fractures, and about 60% of all carpal fractures. 33 The age-specific incidence of scaphoid fractures peaks in late adolescence and early adult life. 33 In Norway it was reported that the peak for females is in the 10-19-year-old age group, with an annual incidence of 4.6 per 10,000 female subjects; for males the peak was in the 20-29-year-old age group, with an annual incidence of 15.1 per 10,000 subjects. 33 The average annual incidence for the entire population was 1.5 per 10,000 females and 7.3 per 10,000 males. In a study from Denmark, the reported average annual incidence was 0.8 per 10,000 females and 3.8 per 10,000 males. Among the younger children between 10 and 14 years, the average annual incidence was 0.3 per 10,000 girls and 3.9 per 10,000 boys. 38 Concomitant distal radius and scaphoid fractures are rare, consisting of about 3.1% of all scaphoid fractures; [39] [40] [41] [42] [43] [44] [45] they are seen mostly in patients with high-energy trauma or severe osteoporosis.
Clinical diagnosis
The clinical presentation of a scaphoid fracture is variable, but in nearly all cases there will be wrist pain and tenderness. Several clinical signs have been described, [46] [47] [48] such as snuff box tenderness, tenderness over the scaphoid tubercle, [49] [50] [51] or tenderness with axial compression of the first or second digits (the scaphoid compression test). 52 Combining the clinical tests improves the clinical diagnosis, which has a high sensitivity. However, the specificity is only between 74% and 80%. 53, 54 
Modern imaging and reference standards
There is currently no consensus on which reference standard is the optimal to use in scientific research on scaphoid fracture imaging. 55, 56 In many studies 6-week follow-up imaging with radiography is used; such an approach has been viewed as a poor reference standard 57 since potential later displacements may be missed. Latent class analysis has been suggested as a way to circumvent this problem. 55, 56 In many studies in the clinical setting, reference imaging with a gold standard may be impractical if the study population is too large; conversely, complete reference imaging may not be available in a retrospective study. A longer follow-up time, such as 1-year follow-up, may be used, provided that all patients can be followed up with in the medical and/or imaging records, 58 and presuming that all clinically significant complications will have presented by then. Magnetic resonance imaging (MRI) is commonly used as reference in prospective studies on smaller clinical materials, but true discrimination between a cortical fracture with potential instability and a simple trabecular fracture with intact cortex may be impossible. In cases with intact joint cartilage, even arthroscopy cannot be relied upon completely for fracture diagnosis.
Radiography
Conventional radiography of the wrist with special scaphoid views has been and remains the best way to initially evaluate a patient suspected of having a scaphoid fracture.
Optimal imaging requires well-exposed PA and lateral views of the wrist in neutral rotation; 59, 60 it is also important to avoid radial deviation on the PA view, as this makes adequate imaging of the scaphoid impossible. The wrist images should be supplemented by 2-4 special views of the scaphoid, where more than two dozen different projections have been described (Figure 1 ). 61 The fact that a mid-waist scaphoid fracture is oriented at about 45 degrees to the orthogonal planes combined with the fact that a fracture line as narrow as 1-2 mm constitutes a displaced fracture with high potential for non-union makes it is easy to understand why there are such difficulties in detecting these clinically important fractures using radiography. A non-displaced or minimally displaced fracture can only be detected when the X-ray beam is parallel to the fracture line ( Figure 1 ). If the X-ray beam is only a few degrees oblique to the fracture, it may very well remain undetected. It is not uncommon that a scaphoid fracture is seen on only one of four scaphoid views.
Radiography is cheap, readily available at all hours, and the radiation dose is negligible. Most scaphoid fractures Reports in Medical Imaging downloaded from https://www.dovepress.com/ by 54.70.40.11 on 17-Oct-2019 For personal use only.
will be detected, making further imaging unnecessary for diagnosis. Computed tomography (CT) scans may be added if improved fracture delineation is important for surgical planning. Besides scaphoid fractures, nearly all distal radius fractures will be detected, as well as a number of other carpal and metacarpal fractures. There are limitations with using radiography in young patients where there is incomplete ossification of the scaphoid cartilage precursor, as well as in old osteoporotic patients, where there may be issues with limited image quality.
Radiography with scaphoid views is not perfect, however, and the sensitivity is low to moderate. It has been reported as 35% in one study with bone scintigraphy as reference, 62 with higher figures in other studies, whereas the specificity in contrast is high. The prevalence of occult scaphoid fractures after trauma thus varies in different reports between 5% and 19%, and on average 16% in meta-analyses. [63] [64] [65] Occult fractures may persist even at the 2-week follow-up examiniation, 58, 61 and in a meta-analysis repeat radiography was reported as having a sensitivity of 91.1% and specificity of 99.8%. 56 However, treating all patients with clinical symptoms and negative radiography as actual fracture cases would result in unnecessary immobilization in casts and a substantial loss of productivity and income in about 84% of these patients. 31, 66 The prevalence of occult fractures in patients with clinical symptoms of scaphoid fracture and normal radiography will vary between studies depending on the type, quality, and accuracy of the clinical examination and the selected cutoff level for severity of symptoms to be called fracture-suspect. The prevalence will also vary depending on the radiography performed (general image quality, spatial resolution, number and types of scaphoid views, the observers' level of expertise, and selected cutoff level for calling a fracture) and the actual prevalence of fractures, since this has an impact on the number of false-positive and false-negative findings.
Tomosynthesis
Linear digital tomosynthesis 67 is a modern digital version of conventional tomography wherein radiography is augmented by tomographic images. At present, three vendors supply digital tomosynthesis for whole-body imaging, whereas multiple vendors provide tomosynthesis for mammography. 68 In digital tomosynthesis from one vendor, tomographic images are generated from multiple low-dose exposures directed towards a stationary digital amorphous silicon flatpanel detector, from tube angles of −15° to +15° of a moving X-ray tube. The tomosynthesis function is provided as a software add-on to a conventional, fully-motorized radiography system. The exposures are used to reconstruct up to 60 coronal sectional images with a nominal thickness between 1 and 10 mm. The structures included in each sectional image are sharply depicted, while structures located anteriorly or posteriorly to the section are blurred. The tomographic fracture diagnosis is mainly based on cortical disruption ( Figure 2 ) since anatomic noise disturbs the viewing of the trabecular bone. However, endosteal callus formation in non-displaced fractures may be seen ( Figure 3 ).
Tomosynthesis is performed during the same visit and in the same room as radiography, and is thus a very simple and time-efficient way to improve on radiography. The added cost of performing tomosynthesis is low, and the concern for added radiation is low when investigating a peripheral object such as the wrist in adults. Tomosynthesis thus appears to be a quick and easy way to further strengthen the radiographic diagnosis and help in deciding on further investigations and treatment. In a study on 35 patients returning for a 2-week's followup visit with initially normal radiography but suspected of having an occult scaphoid fracture, 58 repeat radiography revealed one previously undetected scaphoid tubercle avulsion and one scaphoid waist fracture, both confirmed by tomosynthesis. The tomosynthesis scans revealed two additional patients with scaphoid waist fractures. In total, three initially occult scaphoid waist fractures were detected (9%). Clinical and radiologic follow-up was used as reference, with no additional fractures detected in the remaining 32 patients during a 1-year follow-up. In another study on wrist trauma, 100 of 2,386 patients seen in the emergency department had had supplementary imaging with tomosynthesis and CT. 69 Fifty-seven of the 100 patients had a fracture, 19% of the scaphoid bone. Sensitivity for three readers was 61%-80% for radiography, 77%-87% for tomosynthesis, and 93%-95% for CT. Specificity was 65%-83%, 76%-82%, and 86%-95%, respectively, with tomosynthesis performing better than radiography but worse than CT.
Tomosynthesis should not be seen as a "poor man's CT" but rather as an extension and augmentation of conventional radiography.
Computed tomography
CT is an excellent method to follow up with patients suspected of having an occult scaphoid fracture after wrist trauma ( Figure 4 ).
Imaging should be done with as narrow a beam and detector collimation as possible for optimal image quality, enough dose to keep the noise level acceptable, and should be reconstructed with a small field-of-view (FOV). 70 If 3D imaging is contemplated, a soft reconstruction kernel should be used. 70 Any particular patient positioning other than keeping the hand above the head is not important, since the most common fracture extension (a transverse waist fracture) will be more or less oblique to the axial scanning plane, which improves the detectability of fractures on multiplanar reformations (MPR) and follows the principle of obliquity. 71 MPR reconstructions of 1-2 mm thickness should be performed in the three orthogonal planes for general evaluation of the entire wrist, including the distal radius and ulna, and the scaphoid should be evaluated with special reconstructions along its waist. [72] [73] [74] As long as the patient can keep the injured wrist above the head the radiation dose to adults is negligible, since the irradiated wrist does not contain radiation-sensitive red bone marrow. The effective radiation dose has been reported as 0.03 mSv. 75 CT is available in most institutions around the clock at a moderate cost. CT fracture detection is based mainly on detection of cortical disruptions ( Figure 5 ); the possibility 
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Geijer of using other signs such as bone bruise reported for other types of fracture 76 is low since the bone is small, there is no side-by-side comparison to the non-injured side, and the patients are usually teenagers or young adults with a fairly dense trabecular bone, meaning the bone bruise does not show as well as in osteoporotic patients. Dual-energy CT could possibly have an advantage as the dense calcium can then be subtracted from the images. 77 CT has the advantage over MRI in having a higher spatial resolution and the possibility to reconstruct MPR images in any arbitrary viewing plane. In addition to fracture detection, CT is useful for evaluation of fracture healing; additionally, with metallic implants, CT is useful for evaluation of pseudarthrosis or non-union prior to reconstructive surgery, and it is also useful for evaluating postoperative complications. A cast made from plaster or plastic is no obstacle to imaging, and using modern scanners with modern metallic artefact reduction techniques removes problems with imaging patients who have metallic implants.
Sub-acute CT after wrist trauma with a suspected scaphoid fracture revealed 36% abnormal CT scans in a study on 84 patients, with 7% occult scaphoid fractures. 78 The authors concluded that early CT was valuable in detecting fractures and reducing unnecessary immobilization. In a comparison between CT and MRI on 29 patients with 6-week radiographs as reference, 79 radiography revealed eleven fractures. Three of these had only a band-like lucency within the trabecular portion of the scaphoid. MRI detected all eleven fractures with only two scored as definite cortical fractures, while CT detected all eight cortical fractures but missed the three purely trabecular fractures. Statistically, no significant difference was found between CT and MRI for fracture detection, but for detection of cortical fractures. The sensitivity for detecting occult fractures was reported as 73%, 79 the difference compared to MRI was not significant, and the specificity was reported as 100%. In another study comparing CT with MRI, 34 patients with normal radiography and suspected of having an occult scaphoid fracture were examined by a panel of three observers who scored the studies in consensus, 29 with the 6-week radiographs used as reference. A number of both CT and MRI studies were scored as false negative or false positive, and the study concluded that both CT and MRI were better at ruling out fractures than confirming them; the study also concluded that the modalities had comparable diagnostic characteristics. The sensitivity for scaphoid fractures was 67% both for CT and MRI, while the specificity was 96% and 89%, respectively.
extremity CT
Recently, cone-beam CT, which is normally used for dental imaging, has also been applied in dedicated extremity CT scanners. With an extremity scanner the hand, wrist, and elbow in the upper extremity, and the foot, ankle, knee in the lower extremity, may be examined with higher spatial resolution than with conventional CT. 80 The lower extremity can be evaluated under weight-bearing conditions, since the gantry can tilt 90 degrees. No studies on wrist or trauma imaging have been published, but a study on wrist arthrography 81 reported good results, comparable to those from MRI, with extremity CT providing isotropic imaging at 0.4 mm 3 voxel size. Cone-beam CT using C-arm fluoroscopy units equipped with digital detectors have been used to provide imaging in image-assisted navigation for scaphoid drilling. 82, 83 Such applications are, however, different from diagnostic conebeam CTs, which use dedicated units derived from originally dental cone-beam CT.
Isotope scanning
Bone scintigraphy has for long been an excellent method to detect skeletal injury such as scaphoid fractures in younger 
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Imaging of scaphoid fractures non-osteoporotic patients and where there is rapid onset of healing after trauma.
For bone scintigraphy to be able to detect a scaphoid fracture, a reparative process with osteoblast activity is needed. An example of such a process is endosteal callus formation, in which the radioactive istotope is included in the newly formed callus. As a result, imaging cannot be done until 1-3 days after trauma. 84, 85 The synthetic radioactive istotope 99 m Tc-methylene diphosphonate binds by chemiadsorption to hydroxiapatite crystals. About 50% of the injected dose is accumulated in the skeleton within 2-6 hours after intravenous injection, 85 which means that the examination is time consuming for the patient, who is usually imaged 4 hours after injection. The effective radiation dose is higher than for CT or radiography (about 4 mSv), which is equal to 2 years' natural background radiation. The anatomic resolution is adequate for scaphoid fracture diagnosis ( Figure 6 ), and the method is also useful for evaluating the entire carpus and wrist for fractures. 86 Bone scintigraphy has been reported as having 100% sensitivity and between 92% and 98% specificity in detecting scaphoid fractures. [86] [87] [88] In a study comparing bone scintigraphy and MRI, 89 43 patients were imaged on average 19 days after wrist trauma. Six patients had scaphoid waist fractures with both modalities, and both modalities detected six additional fractures. The bone scan was false positive in three patients, with the positive scan resulting from osteoarthritis in two cases and soft tissue injury in one case. Sensitivity and specificity for MRI was reported as 100%, while bone scintigraphy had a sensitivity of 83% and a specificity of 95%. In another study comparing bone scintigraphy with CT on 51 patients imaged 10-14 days after trauma, 90 bone scintigraphy was positive for ten scaphoid fractures and 13 other carpal or wrist fractures, whereas CT detected five scaphoid fractures and nine other fractures.
One of the drawbacks of bone scintigraphy is its poor spatial resolution. For example, osteoarthritis in the scaphotrapezotrapezoidal (STT) joint cannot be reliably distinguished from a distal pole scaphoid fracture. Fusion imaging with radiography has been suggested as a way to improve on this weakness, 91 wherein images similar to other fusion techniques such as positron-emission tomography (PET)/CT or single-photon emission computed tomography (SPECT)/CT are generated, only using radiography as the anatomic basis instead of CT. The adding of fused images to the evaluation of scaphoid bone scintigraphy changed the interpretation of the studies in a significant number of cases, mostly by reducing the number of positive cases and raising interobserver agreement and diagnostic confidence. 91 
Single-photon emission computed tomography/CT
Hybrid imaging combining physiologic data from bone scintigraphy with anatomic data from CT in the same image is another way to create fusion images. For some years now, SPECT/CT has been available for augmentation of planar bone scanning; images from axial scans with a gamma camera are fused with CT images to provide new MPR images. 85 This technique is used mostly for oncologic imaging, but can also be used for evaluation of infection and fractures, utilizing different tracers for different indications. SPECT/CT has the potential to increase the specificity of bone scanning with axial SPECT data fused with CT data presenting both physiologic and anatomic information in one image section.
Ultrasound
Ultrasound has the potential to differentiate the cause of residual pain between cortical fracture, hemarthrosis, and hematoma. A drawback is that the technique is examinerdependent and time-consuming. The use of ultrasound in suspected scaphoid fracture has been evaluated in one report 92 which showed a sensitivity of 100% and specificity of 98% in 54 patients when using cortical disruption as a diagnostic criterion. In a review, however, ultrasound showed inferior results compared with CT, MRI, or bone scanning. 93 Magnetic resonance imaging MRI (Figure 7 ) has come to be generally regarded as the gold standard for detection of occult scaphoid fractures, 94 with a sensitivity and specificity of 100% when all abnormalities are regarded as fracture signs. 
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Geijer A cost-effective scaphoid fracture MRI protocol may consist of a coronal short tau inversion-recovery (STIR) sequence or a similar fluid-sensitive sequence, combined with a turbo spin-echo T1-weighted coronal sequence. Fracture detection is based on high signal on the STIR sequence consistent with bone bruise or hemorrhage combined with a linear low-signal intensity line on the T1-weighted sequence consistent with a fracture line. At the author's institution, patients with or without a cast are examined in a 1.5 T scanner using a small surface coil with coronal STIR and T1-weighted sequences. The scan parameters are given in Table 1 . Patients without plaster are mostly examined in a 3T scanner with a dedicated wrist coil, providing thinner slices and generally higher image quality ( Table 1) . The technique has, however, difficulties in differentiating between a non-displaced cortical fracture with an inherent potential for displacement, and a purely trabecular fracture seen as a bone bruise (Figure 8 ). Examination in a plaster or plastic cast is possible, but results in decreased image quality as dedicated wrist coils cannot be used. The advantage of using MRI is that not only will other skeletal injuries also be revealed, similar to bone scanning, but soft tissue injuries will be shown as well. In children, there may be residual high signal in the growing skeleton up to about age 16 years. This should not be confused with bone bruise after trauma. 95 MRI after normal initial radiography changed patient management in 92% of 195 patients from normally repeat radiography after 2 weeks to either immediate discharge or clinical review. 65 In a retrospective analysis on 214 limited scaphoid MRI examinations, no significant fractures in the images were missed. However, several patients with normal MRI had persistent symptoms. 96 A recent study using an examination protocol similar to the one described above 97 reported a small cost benefit for early MRI over conventional management with repeat radiography, but it also suggested a higher societal gain due to less unnecessary immobilization. Another recent study, adding limited MRI after normal follow-up radiographs 98 also Reports in Medical Imaging downloaded from https://www.dovepress.com/ by 54.70.40.11 on 17-Oct-2019 For personal use only.
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showed similar costs to the standard protocol but reduced societal costs, as have other studies. 31, 99 When using a whole-body scanner some patients cannot be examined due to absolute or relative contraindications, such as a pacemaker, certain metallic implants, or claustrophobia. This problem can be circumvented by using a dedicated extremity MRI unit.
extremity MRI
Extremity MRI scanners have been available for several years, 66 with field strengths ranging from low-field at about 0.2 T to high-field scanners at 1.0 T and even 1.5 T. The scanners usually include a narrow and comparatively short tunnel, and allow for imaging of the hand and wrist, elbow, foot and ankle, and knee. The units are light-weight and can be accommodated on a small surface area of about 20 m 2 , including the operator console and computer equipment. Dedicated extremity scanners have advantages over wholebody scanners in ease of patient positioning, patient comfort, and in terms of contraindications. However, low-field scanners may have longer acquisition times and poorer image quality than high-field scanners. For example, in a study on erosions in rheumatoid arthritis, MRI with a low-field dedicated extremity MRI scanner performed better than radiography, but worse than a whole-body high-field MRI scanner. 100 In a study on suspected occult scaphoid fractures, however, patient management was altered in 92% of 195 patients when using a 0.2 T scanner. 65 In that study, 19% of patients had a scaphoid fracture.
Which modality is best, and when?
There is no international consensus on which imaging modality is best or most cost-efficient for detecting occult scaphoid fractures. In an international survey of hospital practice in imaging scaphoid trauma in 2006, 200 hospitals worldwide were queried on their use of imaging protocols and modalities in suspected scaphoid fractures. 101 All had access to MRI, bone scanning, and CT. Of the 105 replies, only 23 reported having fixed imaging protocols. In 72%, repeat radiography was performed before continuing with another imaging modality. The choice and timing of further imaging was highly variable, with imaging performed either on the same day as initial radiography or up to more than 2 weeks later. The modality of choice varied, with MRI in preferred 29.5% of hospitals, CT in 18.1%, and scintigraphy in 13.3%. Combined protocols included CT or MRI in 9.5%, scintigraphy or CT in 5.7%, and scintigraphy or MRI in 5.7%. Clinical examination and radiography alone were used in 5.7% of the hospitals. A similar survey was carried out in the United Kingdom directed at members of the British Orthopaedic Association. 102 Only 16% of 832 responded, of which only 16% had knowledge of a local imaging protocol for suspected scaphoid fractures. Clinical and radiographic follow-up was used by 94%. In the 16% with awareness of a local imaging protocol, MRI was preferred in 58%, CT in 26%, and bone scanning in 16%. Prices of the different examinations, which may certainly play a role in the selection of a modality, varies worldwide, for many reasons. As an example, prices at the author's institution are provided ( Table 2) , showing the highest cost for bone scintigraphy and full wrist MRI, with scaphoid trauma MRI and wrist CT in the medium range, and radiography and tomosynthesis being least expensive. A recent study from the United Kingdom 97 reported a slightly lower cost for radiography and a similar cost for scaphoid trauma MRI. Pros and cons for the different modalities have been summarized in Table 3 .
In an analysis by Jenkins et al, 64 the best and worst performance for MRI, CT, bone scintigraphy, and ultrasound from the available literature was analyzed, including calculations of sensitivity and specificity, and modelled on a patient population of 200 consecutive cases with suspected occult scaphoid fractures (Table 4 ). In reviews comparing the performance of CT, MRI, and bone scanning, all modalities show high sensitivity and specificity. 93, 103 MRI has been 66 Geijer shown to be cost-effective in detecting occult scaphoid fractures, 31, 104 and so too, probably, are CT and bone scanning.
Summary
There is no clear consensus in the choice of final imaging in suspected occult fracture, with a large variation in imaging and clinical protocols. Cost and access are not the sole factors determining the choice of modality, but also physicians' own opinions. Most guidelines are based on older research, and there is still perhaps a lack of research to determine which modality has the highest clinical utility for a given situation. It would appear highly unnecessary to treat patients without a scaphoid or other significant fracture in a cast for 2 or even 6 weeks just to be on the safe side, or to subject patients without a scaphoid or other significant fracture to further clinical follow-up and imaging. Potentially, it may be unnecessary to treat purely trabecular scaphoid fractures without cortical disruption with casting, other than for the purpose of pain relief. Several questions remain to be answered: Which occult scaphoid fractures are vital to detect -all fractures, or only those with a potential for later displacement? Is it clinically important to detect fractures in other carpal bones than the scaphoid? Is it important to detect purely trabecular scaphoid fractures?
The various imaging modalities have various inherent problems. Radiography fails to detect a number of occult fractures. CT fails to detect purely trabecular fractures. There may be false positive results with MRI, and MRI may lead to overdiagnosis and overtreatment, which is also the case with bone scanning. Ultrasound is operator-dependent and time-consuming. On the positive side, there is a rapid advance in imaging technique and quality for MRI as well as for CT. Extremity scanners with high image quality are available for both MRI and CT. Bone scanning may see a new dawn with SPECT-CT.
In conclusion, evaluation of a suspected scaphoid fracture should start with wrist radiography supplemented by special scaphoid views. Follow-up investigation when a radiographically occult scaphoid fracture is suspected should be done with another imaging modality; the most commonly preferred modality for follow-up at present is MRI. There are, however, other options such as CT and bone scanning which provide similar results. Modern comparative studies are needed, to improve scaphoid fracture detection, and to help determine which patients need which treatment.
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